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TIRE VULCANIZING MOLD 



BACKGROUND OF THE INVENTION 

1. Held of the Invention 

5 [0001] The present invention relates to a volcanizing mold for producing 
pneumatic tires. 

2. Descriptio n of Related Art 

[0002] In volcanizing tiies having deep gjcooves, there have been widely 
used so-called segmented molds. As generally know in the art, the segmented 
10 mold includes a plurality of mold segments that can be combined 
p. circumfetcntially with each other to define an inner surface for fonning the 

O entirety of the tread portion of the tice, as well as upper and low^ side mold 

members for forming both side portions of the tire. The upper side mold 
II I member is secured to a top plate, and is movable axially of die mold, toward 

y 15 and away from the lower side mold member. The mold segments are arranged 

HI in, md sUdingly engaged with a container ring so that they are moved radially 

inwards or outwards of the mold as the container ring is moved vertically 
downwards or upwards. 

0 [0003] In such a segmented mold, the mold segments are each provided with 

20 an inner peripheral surface that extends over the entire width of the tread 

portion of the tire, and are moved radially outwards when the mold is opened to 
remove the vulcanized tire* Thus, the mold can be opened without interference 
between the ridges on the inner surface of the mold segment and corresponding 
grooves in the tread portion of the tire, thereby avoiding formation of defective 
25 tread portion. However, since the mold segment corresponds to the entire 

width of the tread porti it is inevitable that the segment is rdatively large and 
heavy. Moreover, in order to ensure that the mold segments are moved 
radially to precisely form the mold cavity without any inconvenience, the 
sKding-engagement surface of the container ring for guiding the mold segments 
30 must have a sufficient length. Thus* it is also inevitable that the container ring 
supporting the segments is large, resulting in increased size and cost of the mold 
as a whole. 

[0004] When it is contemplated to use a segmented moid for producing 
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paxticuiarly iaige tires, such as those for construction vdbicles, it is often 
difficult to accommodate tfie mold in existing vulcanizing machine* and it is 
lims necessary to prepare an entirely new valcanizing machine. 
[0009] ft is possible to vulcanize pneumatic tires having deep grooves in the 
5 tread portion, by using an ordinary vulcanizing mold, i.e., so-called two-split 
mold without segments and container ring, which can be leadily accommodated 
in existing vulcanizing machine. However, there is a serious problem that, 
when the vulcanized tire is removed from the vulcanizing mold, defective tread 
portion is caused due to interference between ridges on the ixmer surface of the 
10 mold and corresponding grooves in the tread portion. Thus» two-spht mold 
cannot be nsed to produce large pneumatic tires with deep grooves in the tread 
portion, 

SUMMARY OF THE INVBHION 
[0006] It is an object of the present invention to eliminate the above- 
15 mentioned problems of the prior art, and provide a vulcanizing mold which is 
compact and inexpensive, and which is capable of producing large tiie& having 
deep grooves in the tread portion while positively avoiding fonnation of 
defective tread portion. 

[0007] According to the present invention, there is provided a vulcanizing 
^. 20 mold for producing a pneumatic tire comprising a tread portion, wherein the 

lU tread portion comprises a center region which includes an equatorial plane of 

die tire, and outer regions on both sides of the center region, and wherein the 
center region and onto zej^ons of the tread portion are bounded by two planes 
perpendicular to a center axis of the tire. The mold according to the present 
25 invention comprises a pair of side mold members arranged opposite to each 
othex and movable at least axially of the mold toward each other to define part 
of a mold cavity in which a gieen tire is vulcanized, and away firom each other 
to allow setting of a green tire into the mold cavity and removal of a vulcanized 
tire out of the mold cavity, wherein each side mold member has an inner 
30 p^pheral surfece provided with ridges corresponding to grooves in the outer 
region of the tiead portion of a tire. The mold according to the present 
invention further comprises a plurality of distance piece airanged axially 
between the side mold members and movable radially of the mold, wherein the 
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distance pieces axe circamferentiaUy combined with each other when they are 
moved radially inwards, to form an amiular inner peripheral surface provided 
with at least one ridge corresponding to at least one gEOove in the coiter region 
of the tiead portion of the tire. The ridges of the side mold members extend in 
5 parallel with each oth^, as seen in a developed view of die inner periphoal 
surface of the side mold member, and terminating at positions corresponding to 
a tread end of the tire so that Hie grooves formed by these ridges sue opened in 
the tread end. 

[0008] With the vulcanizing mold according to the present invention, the 
10 plurality of distance pieces are moved radially inwards and th^^by combined 
with each other to provide an annular inner surface corresponding to the center 
region in the tread portion of the tire. Thus, by moving these distance pieces 
radially outwards upon opening the mold, the at least one ridge on die inner 
Lf| suifecoof the distance pieces can be separated radiafly away from 

y IS has been vulcanized, udthout interfering with the tread portion of the tire, 

yil [0009] Furthermore, the side mold member for the outer region of the tread 

portion has ridges corresponding to lug grooves of the tire, which is opened at 
the tread end of the. Thus, by moving the side mold members away from the 
O tiie in a direction silong die lug grooves, it is possible to open the mold without 

20 interference of the ridges of the mold with the tire. In this way, the mold 
n I according to the XKCscnt invention makes it possible to remove the vulcanized 

tire from the mold without interference between the ridges of the mold and the 
tire. 

[0010] Tht distance pieces in the mold according to the present invention 
25 have a narrow and coinpact structure since they correspond exclusively to the 
center region of die tire. This makes it possible to realize a compact 
mechanism for moving the distance pieces, tibiereby providing a mold at a 
minimized size and cost comparable to those of conventional two-split mold. 
[0011] The at least one ridge ofthe distance pieces may extend in 
30 circumferential direction of the mold to form at least one circumferential groove 
in the center r^on of the tread portion of the tire. 
[0012] The ridges of the side mold members may each extend along a 
meridian of the die. Alternatively, the ridg^ of the side mold members mat 
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each extend helically about a center axis of the tire, with a predetermined pitch- 
[€013] It is preferred that the mold farther comprises guide means for 
guiding the movement of the side mold members away from each other when 
opening the mold, and positioning the side mold members relative to each other 
5 when closing the mold. In this way, the relative position of both side mold 
members is docurately defined by the guide means upon closing the mold, 
thereby precisely forming the mold cavity of a predetemiincd shape. Further, 
the side mold membm are properly guided and separated from each other along 
the direction of the ridges on the inner peripheral surface of one of the side 
10 mold members, upon opening the mold. Thus* the side mold members can be 
separated from the tire without apfdying undesirable stresses to the tire, hereby 
positively preventing damages to die tire or formation of defective tread portion. 
The ridges of the side mold members are provided such that they are drawn out 
along the correspcmding lug grooves of the tire when the side mold member is 
15 separated from the tire- However, tihere is applied a larger separating force to 
III the tire, at least in the initial stage of the mold opening. In the absence of the 

% guide means, the lug grooves of the tire would have to guide the side moid 

^"■^ members against such larger force, thereby applying substantial force to the 

O tread portion of the tire and forming defective tread portion, as the case may be. 

20 Provision of the guide means makes it possible to eliminate or mitigate stresses 
III ai>plied to the tire, so that damage of blocks are rarely caused. 

[0014] ft is prefeixed that the guide means comprises at least one wedge 
provided for one of the side mold members, and at least one notch provided for 
the other of the side mold members, said wedge being engageable with said 
25 notch. In this instance, it is rea<Uly possible to realize a sinq[>le and triable 
structure of the guide means. 

[0015] It is preened that the mold according to the present invention 
farther comprises biasing means for normally biasing said distance pieces 
radially outwards. In thb way, it is oimecessaiy to separately provide actuator 
30 means, such as air cylinders, for moving the distance pieces radially outwards 
when the mold is opened and the vulcanized tire is removed, so that the mold 
can be made more compact 

[0016] It is prcfened that the distance pieces ate engageable wi tfi one of the 



side mold members so that the distance pieces are moved radially of the mold 
upon axial movement of that side mold member. In this instance, the side 
mold member may have a cam surface engaged by the distance pieces so that 
the distance pieces are moved radially inwards as the mold member is moved 

5 axially toward the other side mold member. 

BRreF DESCRIPTION OF THE DRAWINGS 
[0017] The present invention will now be explained in fiirth^ detail 
hereinafter, with xeference to a preferred embodiment shown in the 
accompanying drawings. 

10 [0018] Figs, la and lb are sectional views showing an embodiment of the 
vulcanizing mold according to the present invention. 
[0019] Rg- 2 is a developed view showing part of the inner p^ph^^ 
surface of the mold. 

[0020] Hg- 3 is a plan view showing attachment of distance pieces. 
15 [0021] Hgs. 4a and 4b are sectional views taken along line IV-IV of Fig. 3, 
[0022] Hgs. 5a and 5b arc sectional views taken along line V-V of Rg- 3. 
[0023] Hgs. 6a and 6b are front view and side view showing the guiding 
means. 

[0024] Rgs. 7a through 7e are explanatory views showing the method for 
20 manufacturing pneumatic tires according to the present invention. 

r>OT ATT F. n DESCRIPTION OF THE PREFERRE n m^BQDTMENT 
[0025] Referring now to the drawings, there is shown a tite vulcanizing 
mold 1 according to the present invention is in Figs, la and lb in its closed state 
and open state, respectively. The mold 1 includes a lower side mold member 
25 10» an upper side mold members 20 and a plurality of distance pieces 30, which 
are combined witii each other to define a mold cavity 78 for vulcanizing a green 
tire» not shown. It is assumed that the tire to be produced by the vulcanizing 
mold according to the present invention has a tread portion that includes a 
center region and outer regions on both sides of the crater rc^on. The lower 
30 and upper side mold members 10, 20 form tiie outer re^ons of the tread portion 
and sidewafls of the tire» while the distance pieces 30 form tiie center region of 
the tread portion. 

[0026] The lower side mold member 1 0 has an annular shape and is a 
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stationary member. The upper side mold member 20 has an annular shape and 
is arranged opposite to the lower side mold member 10 so as to be movable 
axially of the mold, toward and away from the lower side mold member 10. 
The upper side mold member 20 is moved axially of the mold 1 toward the 
5 lower side mold member 10 for closing the mold 1 and vulcanizing a green tire 
in the mold cavity 78. The upper side mold member 20 is moved axially of the 
mold 1 away from the lower side mold member 10 for opening the mold 1 and 
removing a vulcanized die from the mold cavity 78 or setting a new gte&n the 
into the mold cavity 78. The distance pieces 30 are movable radially of the 
10 mold 1, and assembled ciicumfeientially with each other when they are moved 
radially inwatds^ th^by forming an annular inner surface. 
[0027] Hg. 2 is a developed view showing the inner peiifdieral surface of 
the mold 1, as seen in the direction of arrows II« IT in Hg. la. The inner 
. ^ penpheral sncface of the mold 1 is formed of inner surfaces RI, R2 of the side 

iQ 15 mold members 1 0« 20 corresponding to the opposite outer re^ons of the tread 

^ pordon, respectively, and an inner peripheral surface R3 of the distance pieces 

p 30 corresponding to the center region of the tread. 

iy [0028] The inner surfaces R 1 , R2 of the lower side mold member 1 0 and 

upper side mold member 20 have ridges 71* 72, respectively, corresponding to 
20 lug grooves which are helically oriented about the center axis of the tire at the 
same inclination angle relative to the equatorial line, and extend in parallel with 
each other, as seen in the developed view of Hg. 2, so as to open at the tread 
ends, respectively. While the ridges 72 ate shown as being arranged at a 
constant circumferential pitch P» it is sufficient for these ridges 71« 72 to have 
25 the same inctination angle. Thus, (here may be included a ridge 72a spaced 
from adjacent ribs 72 by distances Pu Ps that are different from the above- 
mentioned constant pitch P of ihe other ridges, and/or a ridge 74 located at a 
position shifted in the width direction of the tire, 

[0029] The annular irmer sttr£Eu:e formed by the distance piece 30 has at 
30 least one ridge 73* which coiiesponds to at least one groove in the center region 
of the tread portion of the tire. This groove may be a ciccumferentidi groove 
as $hown» or inclined groove that is not connected to the lug grooves in the 
outer region of the tread portion. 
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[0030] As shown in Hg$. la and lb, the lower side mold m^ber 10 is 
provided with biasing means 40 for normally biasing the distance pieces 30 
radially outwards. The upper side mold member 20 is provided with a cam 
sur&ce 21 for abutting onto coxxesponding cam follower surfaces 35 of the 
5 distance pieces 30 so as to apply a force overcoming the biasing force of the 
biasing means 40 and thereby moving the distance pieces 30 radially inwards, 
so that the distance pieces 30 forming the annular shape are brought into contact 
TOth each other in circumferential direction to form part of the mold cavity 78, 
Such a closed state of the mold 1 is shown in Hg. la. 
10 [0031] Rg. lb shows the mold in its opened state, wherein the upper side 
mold member 20 has been raised, with the distance pieces 30 moved radially 

' * Af\ 

n outwards under the biasing force of the biasing means 40. 

[0032] Hg. 3 is a plan view showing the manner of attaching the distance 
ItJ pieces 30 to the lower side mold member 1 0. Each distance piece 30 has an 

O 15 arcuate shape obtained by equiangulariy dividing an annular member into a 

plurality of pieces, e.g.. into eight pieces to have a center angle of 45 degrees. 
The cam follower surface 35 of the distance piece 30 abutting with the cam 
O surface 21 of the upper side mold member 20 is formed of a flat surface 

P5 provided at section L in die central portion of each distance piece 30. Each 

20 distance piece 30 is provided with two radial guides 50 and two urging means 
40, 

[0033] Pig- 4a is a sectional view of tJie mold in its closed state, wherein the 
uppesT side mold member 20 and the distance pieces 30 assume the lowermost 
position and the innermost positions^ respectively, after the upper side mold 
25 member 20 has been lowered and the distance pieces 30 has been therdsy 

moved radially inwards due to the sUding contact of the cam surface 21 of the 
upper side mold mCTiber 20 with the cam follows surface 35 of llie distance 
pieces 30, respectively. Each distance piece 30 has an outer edge portion 33 
provided with a hole 31. A guide pin 42 is sBdingly engaged with the hole 31 
30 and threaded into the lower side mold member 10. Thus, the guide pin 42 
positively guides the distance piece 30 as it is moved radially outwards or 
inwards. Ftirthcnnore, a compression coil spring 41 is arranged about the 
guide pin 42 between the radially inncar surface 34A of the outer edge portion 33 
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and the opposite surface of the lower side mold member 20. 
[0034] Fig. 4b shows the closed state of the mold 1 wherein the upper side 
mold member 20 has been raised and each distance piece 30 is positioned at the 
outermost position. The spring 41 causes the associated distance piece 30 to 
5 be moved radially outwards* until the radially outer surface 34B of the outer 
edge portion 33 comes into abutmmt with, and stopped by a stopper surface 45 
which is in the fonn of a head of the guiding pin 42. 

[0035] Rgs. Sa and Sb are sectional view showing the closed state and the 
open state of the laold 1, respectively. As shown in Hg. Sa, each distance 

10 piece 30 is provided with an elongated guide hole 52 that extends radially of the 
mold If and the lower side mold member 10 is provided with a pin 51 slidingly 
engaged with the guide hole 52. The guide hole 52 has a stepped surface S3, 
while the pin 51 has a head that is engaged with the stepped surface 53 to 
prevent upward movement of the dist^ce piece 30 away from the lower side 

15 mold member. In the closed state of the mold shown in Rgs. 5a, the pin 51 is 
portioned at the radially outermost position of the guide hole 52. The sliding 
engagement between pin 5 1 and the guide hole 52 forms an additional gaide 
means for the distance pieces 30, when the distance pieces 30 are moved 
radially outwards or inwards. In the open state of the mold 1 as shown in 

20 Fig. 5b, each distance piece 30 has been moved to the radially outermost 

position^ and the pin 51 i$ positioned at the radially innermost position of the 
guide hole 52. 

[0036] When the mold 1 is closed, it is necessary for the upper side mold 
member 20 to be duly positioned relative to the lower side mold member 10. 

25 Furthermoxe, in order to avoid formation of defective tread portion during die 
opening of the mold 1, it is necessary for the upper side mold member 20 to be 
fully separated from the vulcanized tire along the helically spirally inclined 
ridges 72 on the inner surface of the upper side mold member 20. In addition, 
since die tire is sdU maintained engaged with the lower side mold member 10, it 

30 is necessary for the upper side mold memb^ 20 to be helically separated from 
the low^ side mold member 10. For these reasons, it is desirable to provide 
the apper side mold member 20 and lower side mold member 10 with guide 
means 60 for guiding the relative axial movement of die side mold members 10, 
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20. JProvtsion of such guide means 60 ensures to eliminate or substantially 
mitigate stresses that would be otherwise applied to the walls of the lug grooves 
in the tite when the ridges 72 of the upper side mold member 20 are moved 
^ong, and guided by the lug grooves, and to thereby positively prevent 
5 fomiation of defective tread portion in the tire. 

[0037] One preferred example of such guide means 60 is shown in Figs. 6a 
and 6b, wherein the upper side mold member 20 is provided with a wedge 
member 6 1 having a wedge 65, and the lower side mold member 1 0 is provided 
with a notched member 62 having a notch 66 that conssponds to the wedge 65. 
10 When the upper side mold member 20 is lowered toward the lower side mold 

M m^nber 10* the wedge 65 is ragaged with the associated notch 66, thereby 

Q 

f»i allowing the side mold members 10, 20 to be positioned celative to each other. 

P3 [0(138] The wedge 65 of the upper side mold member 20 has an upper edge 

IP 

67, which undergoes a sliding movement relative to an inclined upper surface 
15 68 of the notch 66, when the upper side mold member 20 is raised away from 
^ ^ the low^ side mold member 10, The upper surface 68 of the notch 66 extends 

p in parallel with the ridges 72- It is thus possible to raise the upper side mold 

W member 20 away from the lower side mold member 10 while causing the upper 

O 

ij^ side mold member 20 to rotate along the ridges 72. 

20 [0039] A vulcanizing method using the above-mentioned mold 1 will be 
explained hereinafter. It is assumed that a gtecn tire fitted with a bladder 7 
therein is set on the lower side mold member 10. The upper side mold member 
20 is lowered toward the lower side mold member 10, so that the distance pieces 
30 are moved radially inwards by die contact of the cam surface 21 of the upper 
25 side mold member 20 with the cam follower surface 35 of the distance piece 30, 
to thereby form the closed mold cavity 78. On this occasion, the relative 
positioning between the side mold members 10» 20 is achieved by the wedge 65 
and notch 66. In such a state, the lowex side mold member 10 and upper side 
mold member 20 are lodoed with each other. The mold 1 accommodating the 
30 green tire is transferred to a vulcanizing machine by a hoist 80, and the lid of 
the vulcanizing machine is closed. 

[0040] The successive steps of the vulcanisdng method will be described 
below with reference to Figs. 7a Arough 7e. After completing vulcanization 
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of the green tire, the mold 1 is removed out of the vulcanizixig machine and 
placed on a table, and the locking between lower side mold memb^ 10 and 
upper side mold member 20 is released. This state is shown in Rg. 7a. 
[0041] With reference to Pig. 7b, wlwn fee upper side mold member 20 is 
5 lifted by liie Kfdng device 80, the distance pieces 30 arc moved radially 

outwards by the biasing means 40, and the upper side mold member 20 is raised 
away ftom the lower side mold member 10 while being rotated along ridges 72 
on the inner surface of the upper side mold member 20, by the above-meationed 
engagement of the wedge 65 and notch 66. Thus, the upper side mold member 
10 20 can be separated away from the vulcanized tire 5 without causing the ridges 
72 to interfere wifli *e tire 5, fliereby positively avoiding formation of defective 
tread portion in the tire. 

S [0042] Subsequently, as shown in Fig. 7c, fee uppCT side mold member 20 is 

moved from fee above of fee table toward anofter place. The die 5 and fee 
IS lower side mold member 1 0 are left engaged wife each ofeer on fee table, as 
shown in Hg. 7d. 

[0043] Finally, as shown in Fig. 7e, fee tire is lifted by holding the bladder 
ring 7 of the bladder feat is fitted wife fee inner surface of fee tire 6. On this 
occasion, fee eight distance pieces 30 provided with fee ridges 73 corresponding 
20 to fee grooves at fee center region of fee tread portion have already been 

separated from fee tire 5. Moieover, as mentioned above, fee lug grooves in 
fee outer regions of fee tread portion of fee tire 5 in engagement wife fee ridges 
71 of the lower side mold member 10 are opened to fee tread end. Thus, by 
lifting and simultaneously rotating the tire 5, fee tire S can be moved helically 
25 and away from fee lower side mold member 1 0» wifeouc causing defective tread 
portion. 

[0044] It will be appreciated from fee fon^oing description feat, according 
to fee present invention, fee interference of fee lug grooves of fee tire with fee 
coizespondii^ ridges of fee mold is positively avoided by a unique arrangement 
30 wherem the side mold mranbers are opened along fee lug grooves. Moreover, 
fee groove in fee center region of fee tread portion are formed by fee ridge 
provided for fee distance pieces feat can be moved radially outwards when fee 
mold is opened. K is thus possible to provide an improved mold, which can be 
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made to have a coxQpact size and at relatively low cost comparable to those of a 
two-split mold, 

[0045] While the present invention has been described above with reference 
to some preferred embodiments, they were presented by way of examples only* 
and various changes or modifications may be made without departing ftozn the 
scope of the invention as defined by the appended claims. 



